Dual frequency rectangular microstrip antena by Shaikh, Afzal et al.
i 
 
DUAL FREQUENCY RECTANGULAR 
MICROSTRIP ANTENNA 
 
 
Second Stage Project Report 
  
Submitted by 
 
 
VANU FAIZAN 
SHAIKH MOHAMMED 
KHAN AFTAB 
 
Under the guidance of 
PROF. AFZAL SHAIKH 
 
In partial fulfilment for the award of the degree 
Of 
B.E. 
 
IN 
 
ELECTRONICS & TELECOMMUNICATION 
At 
 
 
 
 
ANJUMAN-I-ISLAM’S 
 
KALSEKAR TECHNICAL CAMPUS 
 
NEW PANVEL 
  
 2014 - 2015 
ii 
 
 
DECLARATION 
 
 
 
We hereby declare that the project entitled “Dual Frequency Rectangular 
Microstrip Antenna” submitted for the B.E. Degree is our original work and the 
project has not formed the basis for the award of any degree, associate ship, 
fellowship or any other similar titles. 
 
 
 
 
 
 
 
Signature of the Students: 
 
Mr. Vanu Faizan:                         ------------------------- 
 
Mr. Shaikh Mohammed:              ------------------------- 
 
Mr. Khan Aftab:                           -------------------------            
 
 
 
 
 
Place:  
 
 
Date: 
 
 
 
 
 
 
iii 
 
CERTIFICATE 
 
 
 
 
This is to certify that the project entitled “Dual Frequency Rectangular 
Microstrip Antenna” is the bonafide work carried out by Vanu Faizan, Shaikh 
Mohammed and Khan Aftab students of B.E., Kalsekar Technical Campus, New 
Panvel, during the year 2014 - 2015, in partial fulfillment of the requirements for 
the award of the Degree of Bachelor of Engineering in  Electronics and 
telecommunication and that the project has not formed the basis for the award 
previously of any degree, diploma, associate ship, fellowship or any other similar 
title. 
  
  
 
 
 
 
 
 
 
            ------------------------------                                                                  ---------------------------                                                                                                 
                       H.O.D                                                                                         Guide 
            (Prof. Mujeeb Tamboli)                                                                (Prof. Afzal Shaikh) 
 
                                                                                                       
 
 
 
                                                              ------------------------ 
                                                                     (External) 
 
 
iv 
 
ACKNOWLEDGEMENT 
 
 
 
                             This project is spanned over a period a period of four months and the number 
of people who helped us outstanding. To begin with we would like to thank our project guide 
Professor Shaikh Afzal who has helped us throughout the period and has helped us through the 
times of need. In spite of their busy schedules it was very kind of them to spare some of their 
precious time and give us valuable suggestion which ultimately formed heart of this report. We 
would also like to thank Professor Rahul Khadese and other faculty of your department. 
Professor Mujeeb Tamboli (H.O.D.-Electronics and Telecommunication) was a great source of 
inspiration and allowed us to work in the lab for extended hours. 
 
      The laboratory assistants need a warm mention as they helped us all along the 
way. We also extend our thanks to all professors others for their valuable guidance. We also like 
to thanks our fellow students for their support and good wishes. 
 
                 Finally we thank entire Electronics and Telecommunication Engineering 
Department for excellent facilities and encouragement given during the course of project.                                                             
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
ABSTRACT 
 
     The research in wireless communication has spurred the development of extra ordinary range 
of antennas, each with its own advantage and limitations. In today’s modern communication 
industry, antennas are the most important components required to create a communication link. 
Microstrip antennas are an urgent need for aerospace and mobile applications because of their low 
profile, light weight, flexibility to efficiently combine the capabilities of multiple antennas and 
low power handling capacity.  
     Conventional Microstrip patch antennas has some drawbacks of low efficiency, narrow 
bandwidth  of the central frequency, its bandwidth is limited to a few percent which is not 
enough for most of the wireless communication systems nowadays. The project provides a 
detailed study of the design of coaxial-fed Rectangular Microstrip Patch Antenna to facilitate 
dual polarized, dual band operation. The design parameters of the antenna have been calculated 
using the transmission line model and the cavity model. For the simulation process HFSS (High 
Frequency Structural Simulator) which is electromagnetic software based on finite element 
method (FEM) has been used. The effect of antenna dimensions and substrate parameters on the 
performance of antenna have been discussed.  
 
     The antenna has been designed with embedded spur lines and integrated reactive loading for 
dual band operation with better impedance matching. The designed antenna can be operated at 
two frequency band with centre frequencies 2.44 GHz (Bluetooth) and 5.5 GHz (Wi-Fi). So the 
dual band and dual frequency operation has successfully incorporated into a single patch. 
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1.1 INTRODUCTION 
 
     An antenna (or aerial) is an electrical device which converts electric power into radio waves, 
and vice versa. It is usually used with a radio transmitter or radio receiver. In transmission, a 
radio transmitter supplies an electric current oscillating at radio frequency (i.e. a high 
frequency alternating current (AC)) to the antenna's terminals, and the antenna radiates the 
energy from the current as electromagnetic waves (radio waves). In reception, an antenna 
intercepts some of the power of an electromagnetic wave in order to produce a tiny voltage at its 
terminals and then the produced voltage is applied to a receiver to be amplified. 
 
     Typically an antenna consists of an arrangement of metallic conductors (elements), 
electrically connected (often through a transmission line) to the receiver or transmitter. An 
oscillating current of electrons forced through the antenna by a transmitter will create an 
oscillating magnetic field around the antenna elements, while the charge of the electrons also 
creates an oscillating electric field along the elements. These time-varying fields radiate away 
from the antenna into space as a moving transverse electromagnetic field wave. Conversely, 
during reception, the oscillating electric and magnetic fields of an incoming radio wave exert 
force on the electrons in the antenna elements, causing them to move back and forth, creating 
oscillating currents in the antenna. 
 
    Antennas are essential components of all equipment that uses radio. They are used in systems 
such as radio broadcasting, broadcast television, two-way radio, communications 
receivers, radar, cell phones, and satellite communications, as well as other devices such 
as garage door openers, wireless microphones, Bluetooth-enabled devices, wireless computer 
networks, baby monitors, and RFID tags on merchandise. 
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     Decamps first proposed the concept of the MSA in 1953. However, practical antennas were 
developed by Munson and Howell in the 1970s. The numerous advantages of MSA, such as its 
low weight, small volume, and ease of fabrication using printed-circuit technology, led to the 
design of several configurations for various applications.  
 
 
     With increasing requirements for personal and mobile communications, the demand for 
smaller and low-profile antennas has brought the MSA to the forefront. An MSA in its simplest 
form consists of a radiating patch on one side of a dielectric substrate and a ground plane on the 
other side. However, other shapes, such as the square, circular, triangular, semicircular, sector, 
and annular ring shapes are also used. Radiation from the MSA can occur from the fringing 
fields between the periphery of the patch and the ground plane. The length L of the rectangular 
patch for the fundamental TM10 mode excitation is slightly smaller than l /2, where l is the 
wavelength in the dielectric medium. To enhance the fringing fields from the patch, which 
account for the radiation, the width W of the patch is increased. The fringing fields are also 
enhanced by decreasing the e r or by increasing the substrate thickness h. Therefore, unlike the 
microwave integrated circuit (MIC) applications, MSA uses microstrip patches with larger width 
and substrates with lower e r and thicker h. For MSA applications in the microwave frequency 
band, generally h is taken greater than or equal to 1/16th of an inch (0.159 cm). 
 
 
Figure 1.1 Microstrip Patch Antenna 
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     Recent studies on microstrip antennas have primarily concentrated on the improvement of 
bandwidth and on the design of multifunction operations. As a result, almost 100% bandwidth in 
terms of VSWR and dual-band operations for Bluetooth and Wi-Fi services have been 
successfully accomplished and demonstrated. Along with this revived interest on the applications 
of microstrip antennas, development of efficient and accurate simulation tools to help analyze 
and design such antennas has gained some interest as well. For the simulations of printed 
antennas, there have been three major approaches, namely, the transmission line model, the 
cavity model and the full-wave techniques, ordered according to increasing accuracy. Among 
these, the cavity model has a special place for providing physical intuition on the electrical 
characteristics and radiation mechanism of microstrip antennas, in addition to better accuracy as 
compared to the transmission line model, and better computational efficiency as compared to the 
full-wave approaches. Therefore, the cavity model is often used to design the first trial antenna, 
and then the fine-tuning is performed with a full-wave approach, like HFSS by ANSOFT. Since 
the cavity model is numerically quite efficient and capable of handling variety of microstrip 
antennas with shorting pins and slots, when it is coupled with a suitable optimization algorithm, 
the combination would be a very efficient and effective design tool. 
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1.2 LITERATURE SURVEY 
 
 
     The microstrip antenna concept dates back about 26 years to work in the U.S.A. by 
Deschamps and in France by Gutton and Baissinot. Shortly thereafter, Lewin investigated 
radiation from stripline discontinuities. Additional studies were undertaken in the late 1960’s by 
Kaloi, who studied basic rectangular and square configurations. However, other than the original 
Deschamps report, work was not reported in the literature until the early 1970’s, when a 
conducting strip radiator separated from a ground plane by a dielectric substrate was described 
by Byron. This half wavelength wide and several wavelength long strip was fed by coaxial 
connections at periodic intervals along both radiating edges, and was used as an array for Project 
Camel. Shortly thereafter, a microstrip element was patented by Munson and data on basic 
rectangular and circular microstrip patches were published by Howell. Weinschel developed 
several microstrip geometries for use with cylindrical S band arrays on rockets. Sanford showed 
that the microstrip element could be used in conformal array designs for L band communication 
from KC-135 aircraft to the ATS-6 satellite. Additional work on basic microstrip patch elements 
was reported in 1975 by Garvin et al, Howell, Weinschel and Janes and Wilson. The early work 
by Munson on the development of microstrip antennas for use as low profile flush mounted 
antennas on rockets and missiles showed that this was a practical concept for use in many 
antenna system problems and thereby gave birth to the new antenna industry. There are some 
other technique for enhancement of bandwidth of antennas is the multiple layers which 
consisting of two or more metallic patches supported by one or more dielectric layers. There are 
two techniques for multi-band MPA using multiple layers.  
  
     The idea of using a single patch in dual-frequency operation was first proposed and 
developed by Derneryd, was a single disc-shaped patch was connected to a complex impedance 
matching network, resulting in two narrowly spaced frequency bands. Since then, a variety of 
single-patch, dual-band microstrip antennas have been proposed and designed, some of which 
use patches loaded with shorting pins, some others use patches with slots, and patches with more 
than one port. In addition, there are some other approaches to achieve the dual-band operation: 
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triangular microstrip antenna with a V-shaped slot loading; circular microstrip antenna with an 
open-ring slot; stacked quarter wavelength rectangular patch elements; and drum-shaped patches. 
 
1.3 MOTIVATION 
 
     Wi-Fi and Bluetooth are two of the most widely used wireless technologies in consumer 
electronic devices. Although devices including these two technologies can use separate antennas 
on an embedded platform, with the latest advances in technology innovation, it is possible to co-
locate Wi-Fi and Bluetooth devices on one antenna, thereby reducing cost, size and time-to-
market. These technologies operate in the 2.4GHz Industrial, Scientific and Medical Device band 
(ISM) band, but are disparate from each other in almost every manner. 
      Wi-Fi devices operate on an asynchronous protocol and access the wireless medium using 
the Carrier Sense Multiple Access / Collision Avoidance (CSMA/CA) mechanism. With 
Bluetooth devices, the medium access time is slotted. Also, the advent of 802.11n technology in 
handheld platforms poses the difficult challenge to accommodate the requirements of both Wi-Fi 
and Bluetooth links while ensuring optimal performance. While it's generally acknowledged that 
Bluetooth and Wi-Fi can coexist in harmony, it's another matter to get them to work together 
while residing in the same device. Interference problems from collisions—since both use the 
same radio frequency (RF) band—causes dropped packets, which only cascades into other 
problems. Despite this ambient RF interference, Bluetooth and Wi-Fi have gained increasing 
popularity with consumers in recent years, driven by the array of handheld devices available 
today. As both technologies are placed in close physical proximity, coexistence is a priority. 
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2.1 BASIC 
     Conventional microstrip antennas in general have a conducting patch printed on a grounded 
microwave substrate, and have the attractive features of low proﬁle, light weight, easy 
fabrication, and conformability to mounting hosts. However, microstrip antennas inherently have 
a narrow bandwidth, and bandwidth enhancement is usually demanded for practical applications. 
In addition, applications in present-day mobile communication systems usually require smaller 
antenna size in order to meet the miniaturization requirements of mobile units. Thus, size 
reduction and bandwidth enhancement are becoming major design considerations for practical 
applications of microstrip antennas. For this reason, studies to achieve compact and broadband 
operations of microstrip antennas have greatly increased. Much signiﬁcant progress in the design 
of compact microstrip antennas with broadband, dual-frequency, dual polarized circularly 
polarized, and gain-enhanced operations have been reported over the past several years. In 
addition, various novel broadband microstrip antenna designs with dual-frequency, dual-
polarized, and circularly polarized operations have been published in the open literature. This 
book organizes and presents these recently reported novel designs for compact and broadband 
microstrip antennas. 
     Many techniques have been reported to reduce the size of microstrip antennas at a fixed 
operating frequency. In general, microstrip antennas are half-wavelength structures and are 
operated at the fundamental resonant mode TM01 or TM10, with a resonant frequency given by 
(valid for a rectangular microstrip antenna with a thin microwave substrate) 
 
݂ ≅
௖
ଶ௅√ఌ௥
, 
 
where c is the speed of light, L is the patch length of the rectangular microstrip antenna, and εr is 
the relative permittivity of the grounded microwave substrate. It is found that the radiating patch 
of the microstrip antenna has a resonant length approximately proportional to 1 √ߝݎ⁄ , and the use 
of a microwave substrate with a larger permittivity thus can result in a smaller physical antenna 
length at a fixed operating frequency. 
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     In order to simplify analysis and performance prediction, the patch is generally square, 
rectangular, circular, triangular, and elliptical or some other common shape as shown in Figure. 
For a rectangular patch, the length L of the patch is usually 0.3333λo< L < 0.5 λo, where λo is 
the free-space wavelength. The patch is selected to be very thin such that t << λo (where t is the 
patch thickness). The height h of the dielectric substrate is usually 0.003 λo≤h≤0.05 λo. The 
dielectric constant of the substrate (εr) is typically in the range 2.2 ≤ εr≤ 12. 
 
 
 
Figure 2.1 Common shape of microstrip patch elements 
 
     Microstrip patch antennas radiate primarily because of the fringing fields between the patch 
edge and the ground plane. For good antenna performance, a thick dielectric substrate having a 
low dielectric constant is desirable since this provides better efficiency, larger bandwidth and 
better radiation. However, such a configuration leads to a larger antenna size. In order to design a 
compact Microstrip patch antenna, substrates with higher dielectric constants must be used 
which are less efficient and result in narrower bandwidth. Hence a trade-off must be realized 
between the antenna dimensions and antenna performance. 
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2.2 FEED TECHNIQUES 
 
 
     Microstrip patch antennas can be fed by a variety of methods. These methods can be 
classified into two categories- contacting and non-contacting. In the contacting method, the RF 
power is fed directly to the radiating patch using a connecting element such as a microstrip line. 
In the non-contacting scheme, electromagnetic field coupling is done to transfer power between 
the microstrip line and the radiating patch. The four most popular feed techniques used are the 
microstrip line, coaxial probe (both contacting schemes), aperture coupling and proximity 
coupling (both non-contacting schemes). 
 
Microstrip Line Feed 
 
In this type of feed technique, a conducting strip is connected directly to the edge of the 
Microstrip patch as shown in Figure. The conducting strip is smaller in width as compared to the 
patch and this kind of feed arrangement has the advantage that the feed can be etched on the 
same substrate to provide a planar structure. 
 
 
 
Figure 2.2 Microstrip Line Feed 
Dual Frequency Rectangular Microstrip Antenna Page 11 
 
     The purpose of the inset cut in the patch is to match the impedance of the feed line to the 
patch without the need for any additional matching element. This is achieved by properly 
controlling the inset position. Hence this is an easy feeding scheme, since it provides ease of 
fabrication and simplicity in modeling as well as impedance matching. However as the thickness 
of the dielectric substrate being used, increases, surface waves and spurious feed radiation also 
increases, which hampers the bandwidth of the antenna. The feed radiation also leads to 
undesired cross polarized radiation. 
 
Coaxial Feed 
 
     The Coaxial feed or probe feed is a very common technique used for feeding Microstrip patch 
antennas. As seen from Figure, the inner conductor of the coaxial connector extends through the 
dielectric and is soldered to the radiating patch, while the outer conductor is connected to the 
ground plane. 
 
 
 
Figure 2.3 Probe fed Rectangular Microstrip Patch Antenna 
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     The main advantage of this type of feeding scheme is that the feed can be placed at any 
desired location inside the patch in order to match with its input impedance. This feed method is 
easy to fabricate and has low spurious radiation. However, a major disadvantage is that it 
provides narrow bandwidth and is difficult to model since a hole has to be drilled in the substrate 
and the connector protrudes outside the ground plane, thus not making it completely planar for 
thick substrates (h > 0.02λo). Also, for thicker substrates, the increased probe length makes the 
input impedance more inductive, leading to matching problems. It is seen above that for a thick 
dielectric substrate, which provides broad bandwidth, the microstrip line feed and the coaxial 
feed suffer from numerous disadvantages. The non-contacting feed techniques which have been 
discussed below, solve these issues. 
 
Aperture Coupled Feed 
 
     In this type of feed technique, the radiating patch and the microstrip feed line are separated by 
the ground plane as shown in Figure. Coupling between the patch and the feed line is made 
through a slot or an aperture in the ground plane. 
 
 
Figure 2.4 Aperture-coupled feed 
Dual Frequency Rectangular Microstrip Antenna Page 13 
 
     The coupling aperture is usually centered under the patch, leading to lower cross-polarization 
due to symmetry of the configuration. The amount of coupling from the feed line to the patch is 
determined by the shape, size and location of the aperture. Since the ground plane separates the 
patch and the feed line, spurious radiation is minimized. Generally, a high dielectric material is 
used for bottom substrate and a thick, low dielectric constant material is used for the top 
substrate to optimize radiation from the patch. The major disadvantage of this feed technique is 
that it is difficult to fabricate due to multiple layers, which also increases the antenna thickness. 
This feeding scheme also provides narrow bandwidth. 
 
Proximity Coupled Feed 
 
     This type of feed technique is also called as the electromagnetic coupling scheme. As shown 
in Figure, two dielectric substrates are used such that the feed line is between the two substrates 
and the radiating patch is on top of the upper substrate. The main advantage of this feed 
technique is that it eliminates spurious feed radiation and provides very high bandwidth (as high 
as 13%), due to overall increase in the thickness of the microstrip patch antenna. This scheme 
also provides choices between two different dielectric media, one for the patch and one for the 
feed line to optimize the individual performances. 
 
 
 
Figure 2.5 Proximity-coupled Feed 
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     Matching can be achieved by controlling the length of the feed line and the width-to-line ratio 
of the patch. The major disadvantage of this feed scheme is that it is difficult to fabricate because 
of the two dielectric layers which need proper alignment. Also, there is an increase in the overall 
thickness of the antenna. 
 
2.3 METHODS OF ANALYSIS 
 
     The MSA generally has a two-dimensional radiating patch on a thin dielectric substrate and 
therefore may be categorized as a two-dimensional planar component for analysis purposes. The 
analysis methods for MSAs can be broadly divided into two groups. In the first group, the 
methods are based on equivalent magnetic current distribution around the patch edges (similar to 
slot antennas). There are three popular analytical techniques: 
 
 The transmission line model; 
 The cavity model; 
 The MNM. 
 
     In the second group, the methods are based on the electric current distribution on the patch 
conductor and the ground plane (similar to dipole antennas, used in conjunction with full-wave 
simulation/numerical analysis methods). Some of the numerical methods for analyzing MSAs are 
listed as follows: 
 
 The method of moments (MoM); 
 The finite-element method (FEM); 
 The spectral domain technique (SDT); 
 The finite-difference time domain (FDTD) method. 
 
     The preferred models for the analysis of Microstrip patch antennas are the transmission line 
model, cavity model, and full wave model (which include primarily integral equations/Moment 
Method). The transmission line model is the simplest of all and it gives good physical insight but 
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it is less accurate. The cavity model is more accurate and gives good physical insight but is 
complex in nature. The full wave models are extremely accurate, versatile and can treat single 
elements, finite and infinite arrays, stacked elements, arbitrary shaped elements and coupling. 
These give less insight as compared to the two models mentioned above and are far more 
complex in nature. 
 
Transmission Line Model 
 
     This model represents the microstrip antenna by two slots of width W and height h, separated 
by a transmission line of length L. The microstrip is essentially a non-homogeneous line of two 
dielectrics, typically the substrate and air. 
 
 
 
Figure 2.6 Microstrip Line 
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Figure 2.7 Electric Field Lines 
 
     Hence, as seen from Figure, most of the electric field lines reside in the substrate and parts of 
some lines in air. As a result, this transmission line cannot support pure transverse-
electromagnetic (TEM) mode of transmission, since the phase velocities would be different in 
the air and the substrate. Instead, the dominant mode of propagation would be the quasi-TEM 
mode. Hence, an effective dielectric constant (εreff) must be obtained in order to account for the 
fringing and the wave propagation in the line. The value of εreff is slightly less then εr because 
the fringing fields around the periphery of the patch are not confined in the dielectric substrate 
but are also spread in the air as shown in Figure above. The expression for εreff is given by as: 
 
 
 
Where εreff = Effective dielectric constant 
            εr = Dielectric constant of substrate 
            h = Height of dielectric substrate 
           W = Width of the patch 
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Consider Figure 2.8 below, which shows a rectangular microstrip patch antenna of length L, 
width W resting on a substrate of height h. The co-ordinate axis is selected such that the length is 
along the x direction, width is along the y direction and the height is along the z direction. 
 
 
 
Figure 2.8 Microstrip Patch Antennas 
 
     In order to operate in the fundamental TM10 mode, the length of the patch must be slightly 
less than λ/2 where λ is the wavelength in the dielectric medium and is equal to λo/√εreff where 
λo is the free space wavelength. The TM10 mode implies that the field varies one λ/2 cycle along 
the length, and there is no variation along the width of the patch.  The microstrip patch antenna is 
represented by two slots, separated by a transmission line of length L and open circuited at both 
the ends. Along the width of the patch, voltage is maximum and current is minimum due to the 
open ends. The fields at the edges can be resolved into normal and tangential components with 
respect to the ground plane. 
 
Dual Frequency Rectangular Microstrip Antenna Page 18 
 
 
Figure 2.9 Top view and side view of antenna 
     It is seen from Figure 2.9 that the normal components of the electric field at the two edges 
along the width are in opposite directions and thus out of phase since the patch is λ/2 long and 
hence they cancel each other in the broadside direction. The tangential components (seen in 
Figure 2.9), which are in phase, means that the resulting fields combine to give maximum 
radiated field normal to the surface of the structure. Hence the edges along the width can be 
represented as two radiating slots, which are λ/2 apart and excited in phase and radiating in the 
half space above the ground plane. The fringing fields along the width can be modeled as 
radiating slots and electrically the patch of the microstrip antenna looks greater than its physical 
dimensions. The dimensions of the patch along its length have now been extended on each end 
by a distance ΔL, which is given as: 
∆ܮ	 = 0.412ℎ (ߝݎ݂݂݁ + 0.3)(ܹℎ + 0.264)(ߝݎ݂݂݁ + 0.258)(ܹℎ + 0.8) 
 
The effective length of the patch Leff now becomes:    Leff = L+2∆L 
For a given resonant frequency f0 , the effective length is given as:  
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Leff = 
௖
ଶ௙଴ඥఌ௥௘௙௙
 
For a rectangular Microstrip patch antenna, the resonant frequency for any TM mn mode is given 
as: 
 
Cavity Model 
 
     Although the transmission line model discussed in the previous section is easy to use, it has 
some inherent disadvantages. Specifically, it is useful for patches of rectangular design and it 
ignores field variations along the radiating edges. These disadvantages can be overcome by using 
the cavity model. A brief overview of this model is given below. In this model, the interior 
region of the dielectric substrate is modeled as a cavity bounded by electric walls on the top and 
bottom. The basis for this assumption is the following observations for thin substrates (h << λ). 
Since the substrate is thin, the fields in the interior region do not vary much in the z direction, i.e. 
normal to the patch. The electric field is z directed only, and the magnetic field has only the 
transverse components Hx and Hy in the region bounded by the patch metallization and the 
ground plane. This observation provides for the electric walls at the top and the bottom. 
 
 
 
Figure 2.10 Charge distribution and current density creation on the microstrip patch 
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     Consider Figure 2.10 shown above. When the microstrip patch is provided power, a charge 
distribution is seen on the upper and lower surfaces of the patch and at the bottom of the ground 
plane. This charge distribution is controlled by two mechanisms-an attractive mechanism and a 
repulsive mechanism as discussed by Richards. The attractive mechanism is between the 
opposite charges on the bottom side of the patch and the ground plane, which helps in keeping 
the charge concentration intact at the bottom of the patch. The repulsive mechanism is between 
the like charges on the bottom surface of the patch, which causes pushing of some charges from 
the bottom, to the top of the patch. As a result of this charge movement, currents flow at the top 
and bottom surface of the patch. The cavity model assumes that the height to width ratio (i.e. 
height of substrate and width of the patch) is very small and as a result of this the attractive 
mechanism dominates and causes most of the charge concentration and the current to be below 
the patch surface. Much less current would flow on the top surface of the patch and as the height 
to width ratio further decreases, the current on the top surface of the patch would be almost equal 
to zero, which would not allow the creation of any tangential magnetic field components to the 
patch edges. Hence, the four sidewalls could be modeled as perfectly magnetic conducting 
surfaces. This implies that the magnetic fields and the electric field distribution beneath the patch 
would not be disturbed. However, in practice, a finite width to height ratio would be there and 
this would not make the tangential magnetic fields to be completely zero, but they being very 
small, the side walls could be approximated to be perfectly magnetic conducting. Since the walls 
of the cavity, as well as the material within it are lossless, the cavity would not radiate and its 
input impedance would be purely reactive. Hence, in order to account for radiation and a loss 
mechanism, one must introduce a radiation resistance RR and a loss resistance RL. A lossy cavity 
would now represent an antenna and the loss is taken into account by the effective loss tangent 
δeff. 
 
MNM 
 
     The MNM for analyzing the MSA is an extension of the cavity model. In this method, the 
electromagnetic fields underneath the patch and outside the patch are modeled separately. The 
patch is analyzed as a two-dimensional planar network, with a multiple number of ports located 
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around the periphery. The multiport impedance matrix of the patch is obtained from its two-
dimensional Green’s function. The fringing fields along the periphery and the radiated fields are 
incorporated by adding an equivalent edge admittance network. The segmentation method is then 
used to find the overall impedance matrix. The radiated fields are obtained from the voltage 
distribution around the periphery. Appendix C details this method. 
 
         The above three analytical methods offer both simplicity and physical insight. In the latter 
two methods, the radiation from the MSA is calculated from the equivalent magnetic current 
distribution around the periphery of the radiating patch, which is obtained from the 
corresponding voltage distribution. Thus, the MSA analysis problem reduces to that of finding 
the edge voltage distribution for a given excitation and for a specified mode. These methods are 
accurate for regular patch geometries, but—except for MNM with contour integration 
techniques—they are not suited for arbitrary shaped patch configurations. For complex 
geometries, the numerical techniques described below are employed. 
 
MoM 
 
     In the MoM, the surface currents are used to model the microstrip patch, and volume 
polarization currents in the dielectric slab are used to model the fields in the dielectric slab. An 
integral equation is formulated for the unknown currents on the microstrip patches and the feed 
lines and their images in the ground plane. The integral equations are transformed into algebraic 
equations that can be easily solved using a computer. This method takes into account the fringing 
fields outside the physical boundary of the two-dimensional patch, thus providing a more exact 
solution. This book makes extensive use of commercially available software based on MoM to 
analyze various MSA configurations. 
 
FEM 
 
     The FEM, unlike the MoM, is suitable for volumetric configurations. In this method, the 
region of interest is divided into any number of finite surfaces or volume elements depending 
upon the planar or volumetric structures to be analyzed. These discretized units, generally 
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referred to as finite elements, can be any well-defined geometrical shapes such as triangular 
elements for planar configurations and tetrahedral and prismatic elements for three-dimensional 
configurations, which are suitable even for curved geometry. It involves the integration of certain 
basic functions over the entire conducting patch, which is divided into a number of subsections. 
The problem of solving wave equations with inhomogeneous boundary conditions is tackled by 
decomposing it into two boundary value problems, one with Laplace’s equation with an 
inhomogeneous boundary and the other corresponding to an inhomogeneous wave equation with 
a homogeneous boundary condition. 
 
SDT 
 
     In the SDT, a two-dimensional Fourier transform along the two orthogonal directions of the 
patch in the plane of substrate is employed. Boundary conditions are applied in Fourier transform 
plane. The current distribution on the conducting patch is expanded in terms of chosen basis 
functions, and the resulting matrix equation is solved to evaluate the electric current distribution 
on the conducting patch and the equivalent magnetic current distribution on the surrounding 
substrate surface. The various parameters of the antennas are then evaluated. 
 
FDTD Method 
 
     The FDTD method is well-suited for MSAs, as it can conveniently model numerous structural 
inhomogenities encountered in these configuration. It can also predict the response of the MSA 
over the wide BW with a single simulation. In this technique, spatial as well as time grid for the 
electric and magnetic fields are generated over which the solution is required. The spatial 
discretizations along three Cartesian coordinates are taken to be same. The E cell edges are 
aligned with the boundary of the configuration and H-fields are assumed to be located at the 
center of each E cell. Each cell contains information about material characteristics. The cells 
containing the sources are excited with a suitable excitation function, which propagates along the 
structure. The discretized time variations of the fields are determined at desired locations. Using 
a line integral of the electric field, the voltage across the two locations can be obtained. The 
current is computed by a loop integral of the magnetic field surrounding the conductor, where the 
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Fourier transform yields a frequency response. The above numerical techniques, which are based 
on the electric current distribution on the patch conductor and the ground plane, give results for 
any arbitrarily shaped antenna with good accuracy, but they are time consuming. These methods 
can be used to plot current distributions on patches but otherwise provide little of the physical 
insight required for antenna design. 
 
2.4 ANTENNA PROPERTIES  
 
     This part describes the performance of antenna, definitions of its various parameters. Some of 
the parameters are interrelated and not at all of them need to be specified for complete description of 
the antenna performance.  
 
Polarization  
 
     Polarization is the direction of wave transmitted (radiated) by the antenna. It is a property of an 
electromagnetic wave describing the time varying direction and relative magnitude of the electric 
field vector. Polarization may be classified as linear, circular, or elliptical as shown in Figure 2.11. 
Polarization shows the orientation of the electric field vector component of the electromagnetic field. 
In line-of-sight communications it is important that transmitting and receiving antennas have the 
same polarization (horizontal, vertical or circular). In non-line-of-sight the received signal undergoes 
multiple reflections which change the wave polarization randomly. 
 
 
Figure 2.11 Types of antenna polarization 
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Radiation pattern  
 
     An antenna radiation pattern is defined as a mathematical function or a graphical 
representation of the radiation properties of the antenna as a function of space coordinates. In 
most cases, the radiation pattern is determined in the far-field region and is represented as a 
function of the directional coordinates. Radiation properties include power flux density, radiation 
intensity, field strength, directivity phase or polarization. Radiation pattern provides information 
which describes how an antenna directs the energy it radiates and it is determined in the far field 
region. The information can be presented in the form of a polar plot for both horizontal (azimuth) 
and vertical as figure 2.12. 
 
 
Figure 2.12 Polar radiation pattern 
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The radiation pattern could be divided into:  
 
i. Main lobes: This is the radiation lobe containing the direction of maximum radiation.  
 
ii. Side lobes: These are the minor lobes adjacent to the main lobe and are separated by 
various nulls. Side lobes are generally the largest among the minor lobes.  
 
iii. Back Lobes: This is the minor lobe diametrically opposite the main lobe. 
 
 
Figure 2.13 3D Radiation pattern 
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Half Power Beam width (HPBW)  
 
     The half power beam width is defined as the angle between the two directions in which the 
radiation intensity is one half the maximum value of the beam. The term beam width is described 
by the 3dB beam width as shown in Figure 2.14.  The beam width of the antenna is a very 
important figure-of-merit, and it often used to as a tradeoff between it and the side lobe level. By 
controlling the width of the beam, the gain of antenna can be increased or decreased. By 
narrowing the beam width, the gain will increase and it is also creating sectors at the same time. 
 
Figure 2.14 Rectangular plot of radiation pattern 
 
Antenna Gain 
  
     Antenna gain is a measure of directivity properties and the efficiency of the antenna. It is 
defined as the ratio of the radiation intensity in the peak intensity direction to the intensity that 
would be obtained if the power accepted by the antenna were radiated isotropically. The gain is 
similar to directivity except the efficiency is taken into account. Antenna gain is measured in 
dBi. The gain of the antenna can be described as how far the signal can travel through the 
distance. When the antenna has a higher gain it does not increase the power but the shape of the 
radiation field will lengthen the distance of the propagated wave. The higher the gain, the farther 
the wave will travel concentrating its output wave more tightly. The gain of an antenna will 
equal to its directivity if the antenna is 100% efficient. Normally there are two types of reference 
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antenna can be used to determine the antenna gain. Firstly is the isotropic antenna where the gain 
is given in dBi and secondly is the half wave dipole antenna given in dBd. 
 
Voltage Standing Wave Ratio (VSWR)  
 
     Voltage Standing Wave Ratio is the ratio of the maximum to minimum voltage on the antenna 
feeding line. Standing wave happen when the matching is not perfect which the power put into 
antenna is reflected back and not radiated. For perfectly impedance matched antenna the VSWR 
is 1:1. VWSR causes return loss or loss of forward energy through a system.  
 
Bandwidth  
 
     The bandwidth of an antenna means the range of frequencies that the antenna can operate. 
The bandwidth of an antenna is defined as the range of frequencies within which the 
performance of the antenna, with respect to some characteristics, conforms to a specified 
standard. In other words, there is no unique characterization of the bandwidth and the 
specifications are set to meet the needs of each particular application. There are different 
definitions for antenna bandwidth standard. I considered the bandwidth at -10 dB at the lower 
and upper centre frequency from the return loss versus frequency graph as shown in figure 2.15.   
 
 
Figure 2.15 Graph return loss versus frequency   
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Return loss is a measure of reflection from an antenna. 0 dB means that all the power is 
reflected; hence the matching is not good. -10dB means that 10% of incident power is reflected; 
meaning 90% of the power is accepted by the antenna. So, having -10dB as a bandwidth 
reference is an assumption that 10% of the energy loss. 
Referring to figure 2.15, the value of bandwidth can be calculated in the form of percentage as 
formula below: 
ܤܽ݊݀ݓ݅݀ݐ = ௙ଶି௙ଵ
ඥ௙ଶା௙ଵ
× 100% 
2.5 DUAL-BAND MSA’S 
 
     Dual-frequency operation is an important subject in microstrip antenna design. These dual-
frequency microstrip antennas include the use of multilayer stacked patches, a rectangular patch 
with a pair of narrow slots placed close to the patch’s radiating edges, a square patch with a 
rectangular notch, a rectangular patch loaded with shorting pins and slots, a rectangular patch fed 
by an inclined coupling slot, among others. Recently, many single-feed, single-layer, dual-
frequency microstrip antenna designs have been demonstrated, and a new design for a dual-
frequency feed network for feeding a microstrip array with dual-frequency radiating elements 
has been achieved. These designs, however, are mainly applicable for regular-size microstrip 
antennas. To achieve dual-frequency operation in reduced-size or compact microstrip antennas, 
many promising designs have been reported. Details of these compact dual frequency designs 
and some recent advances in regular-size dual-frequency designs are presented in this chapter. 
Designs with a planar inverted-F antenna (PIFA) for dual-band or triple-band operation are also 
addressed. Finally, recent advances in compact dual-polarized designs are reviewed, and design 
examples of some promising compact dual-polarized microstrip antennas are given. Compact 
microstrip antennas capable of dual polarized radiation are very suitable for applications in 
wireless communication systems that demand frequency reuse or polarization diversity. 
 
     There is a considerable amount of interest in the development of a dual band MSA because of 
its usefulness in various applications. These dual band operations can be at fixed frequencies, or 
tunable at both or one of the frequencies. Figure depicts the VSWR plots for the fixed and 
tunable categories. The solid lines show two fixed frequencies, and the dotted lines show the 
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tuning ability. Either both or one of the frequencies of dual-band operation could be tunable 
based on the application. Several MSA configurations for obtaining dual-band characteristics are 
discussed in this section. 
 
 
 
Figure 2.16 VSWR plots of fixed dual-band operation 
 
 
 
Figure 2.17 VSWR plots of tunable dual-band operation 
 
 
Higher Order or Orthogonal Mode Dual-Band MSAs 
 
     An MSA operates at many frequencies corresponding to its various resonant modes, which 
makes it a natural choice for dual-frequency operation. However, characteristics such as the 
radiation pattern, polarization, and input impedance are not the same for the different modes. 
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Therefore, all these modes are not useful for a given application. Also, for a given MSA 
geometry, all the modes are at a fixed resonance frequency. A single element can produce dual-
band operation either with a single or dual feed as described below. 
 
Single Feed Dual-Band MSA 
 
     An RMSA operating in the TM10 and TM30 modes has radiation patterns in the broadside 
direction with the same polarization at both the frequencies. The resonance frequency of the 
TM30 mode is nearly three times of that of the fundamental TM10 mode of the RMSA. 
Consequently, these modes may be used for dual-band operation. Similar to the RMSA, the dual-
frequency operation may be achieved by using higher order modes of the CMSA and TMSA. For 
the CMSA, the resonance frequencies corresponding to higher order modes are spaced at an 
interval given by the roots of the derivative of the Bessel function of order n. For ETMSA, the 
TM10, TM20, and TM21 modes yield broadside radiation with similar polarization. A single 
feed point yields good impedance matching for all these three modes. Thus, it is possible to 
utilize the ETMSA for dual- or even triple-frequency operation. The above configurations give 
dual-frequency operation with the same polarization. However, many applications require 
orthogonal polarization at the two frequencies. An RMSA may be used to operate at TM10 and 
TM01 modes. The two frequencies correspond to the length and the width of the RMSA. The 
ratio of resonance frequency of these two modes is approximately equal to the L/W ratio of the 
RMSA. Accordingly, for a desired frequency ratio, the length and the width can be appropriately 
chosen. For an RMSA, both the orthogonal modes may be excited with good impedance 
matching at both the frequencies using a single feed as shown in Figure. The coaxial feed is 
displaced from the two principal axes of the patch to excite both the orthogonal modes. The ratio 
of the two frequencies for all these cases is approximately the same as that of the ratio of 
effective length and the effective width of the RMSA.  
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Figure 2.18 RMSA with a single feed for orthogonal dual-band operation 
 
 
 
Figure 2.19 VSWR plot of single feed dual-band RMSA 
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     The BW at the two frequencies is almost the same as that of the BW of the corresponding 
RMSA when only a single mode is excited.  However, BW at the higher resonance increases 
with an increase in W. This is because at this mode, f 2 remains nearly constant as L is constant, 
but W/λ0 increases, resulting in increase in BW. Instead of using a single coaxial feed for the 
dual-band RMSA, similar results are obtained by using an aperture coupled RMSA, in which an 
inclined slot is cut in the ground plane with respect to the microstrip feed line as shown in Figure 
to give proper matching at both the frequencies. A single feed elliptical MSA, shown in Figure, 
also yields dual frequency operation with orthogonal polarization. The coaxial feed is placed at 
approximately 45° from the major axis. Its location is optimized to excite both the orthogonal 
modes with proper impedance matching.  
 
Dual Feed Dual-Band MSAs 
 
     For a single feed dual-band MSA, if one frequency is used for transmission and the other is 
used for reception, a circulator or diplexer is required to isolate the receiver from the transmitter. 
The use of a circulator or diplexer may be avoided by feeding the RMSA at two orthogonal 
points as shown in Figure. Since these feed points are at null locations of the respective 
orthogonal modes, the loading of one feed point does not affect the input impedance at the other 
feed point. The isolation between the two modes using orthogonal feeds is nearly 30 dB and 40 
dB at the lower and higher resonance frequencies, respectively. The isolation between the two 
frequencies is nearly 30 dB. Instead of using two coaxial feeds, orthogonal polarization could be 
excited using electromagnetic or aperture coupling. A variation in the ellipse is obtained by using 
only the intersecting portion of the two circles of same radius as shown in Figure. This 
configuration is fed with two orthogonal electromagnetically coupled microstrip lines.  
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Figure 2.20 RMSA with two orthogonal feeds for dual-band operation 
 
 
 
Figure 2.21 S-parameter plots 
Dual Frequency Rectangular Microstrip Antenna Page 34 
 
     As before, the frequency ratio of dual-band operation is approximately equal to the ratio of 
the orthogonal dimensions in the two planes. The isolation between the two ports is 27 dB. 
Another variation using a circular patch is shown in Figure. It is excited by two orthogonal 
microstrip lines through the two orthogonal slots cut in the ground plane. By changing the slot 
dimensions, the two orthogonal resonance frequencies can be changed. A dual-band operation is 
also obtained by loading the MSA with a reactive load. The reactive load modifies the field 
configuration of the patch and gives a dual resonant behavior. The reactance could be in the form 
of a single stub or double stubs, a lumped capacitor, shorting posts, or a slot in the patch, among 
others. In the reactive loaded MSA, both the resonance frequencies of the dual-band operation 
can be tuned by changing the value of the reactance. These configurations are discussed one by 
one in the following subsections. 
 
Dual-Frequency Operation with Same Polarization Planes 
 
     Design with a Rectangular Patch: It has been demonstrated that, by loading a rectangular 
microstrip antenna with a pair of narrow slots placed close to the patch’s radiating edges, dual-
frequency operation can be obtained. In such dual-frequency designs, the two operating 
frequencies are associated with the TM10 and TM30 modes of the unslotted rectangular patch. In 
addition, the two operating frequencies have the same polarization planes and broadside 
radiation patterns, with a frequency ratio generally within the range of 1.6–2.0 for the single-
probe-feed case. Recently, it has been shown that, by placing the embedded slots close to the 
patch’s non radiating edges instead of the radiating edges and replacing the narrow slots with 
properly bent slots, a novel dual frequency operation of the microstrip antenna can easily be 
achieved using a single probe feed. The two operating frequencies of the antenna are found to 
have the same polarization planes and broadside radiation patterns; the frequency ratio of the 
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Dual-Frequency Operation with Orthogonal Polarization Planes 
 
     Design with a Simple Rectangular Patch: In this section, we present a simple design for a 
single-layer, single-feed rectangular microstrip antenna to achieve dual-frequency operation with 
orthogonal polarization. In this design, the two operating frequencies are mainly determined 
from the rectangular patch dimensions and the substrate permittivity, and the feed position is 
selected such that the TM01 and TM10 mode are excited, respectively, at the first and second 
resonant frequencies. Figure shows the geometry of a rectangular microstrip antenna. The 
rectangular patch has length L and width W. The substrate has thickness h and relative 
permittivity εr. Based on the cavity-model approximation, we can express the resonant 
frequencies for the TMmn mode as 
 
 
where c is the speed of light in air. The resonant frequencies f01 and f10 depend on W and L, 
respectively.  
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Figure 2.22 Selection of the feed position for dual-frequency operation: point A at (0, yA) 
for TM01 mode excitation only, point B at (xB, 0) for TM10 mode excitation only, and point C 
at(xB, yA) for dual-frequency operation 
 
 
By choosing the feed position (point A) along the y axis, we can excite the patch in the TM01 
mode only. In this case, the excitation of the TMm0 mode, m = 1, 3, 5, . . . , is eliminated. On the 
other hand, when we select the feed position (point B) along the x axis, the TM10 mode can be 
excited without the excitation of the TM0n mode, n = 1, 3, 5, . . .. By first adjusting so that the 
input impedances seen by the probe at feed positions A (0, yA) for the TM01 mode and B (xB, 0) 
for the TM10 mode are 50, dual-frequency operation (f01 and f10) can be obtained when the 
patch is excited at (xB, yA) (point C). 
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Figure 2.23 Return loss for the feed positions at (0, yA) (point A) and (xB, 0) (point B) 
 
 
 
Figure2.24 Return loss for the feed position at (xB, yA) (point C) 
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CHAPTER-3 
 
SOFTWARE SPECIFICATION 
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3.1 HIGH FREQUENCY STRUCTURAL SIMULATOR 
 
     HFSS uses a numerical technique called the Finite Element Method (FEM). This is a 
procedure where a structure is subdivided into many smaller subsections called finite elements. 
The finite elements used by HFSS are tetrahedra, and the entire collection of tetrahedra called a 
mesh. A solution is found for the fields within the finite elements, and these fields are 
interrelated so that Maxwell’s equations are satisfied across inter-element boundaries. Yielding a 
field solution for the entire original structure. Once the field solution has been found, the 
generalized S-matrix solution is determined. The adaptive solution process is the method by 
which HFSS guarantees that a final answer to a given EM problem is the correct answer. It is a 
necessary part of the overall solution process and is the key reason why a user can have extreme 
confidence in HFSS’s accuracy. 
 
 
 
 
Figure 3.1 Adaptive solution process 
 
Dual Frequency Rectangular Microstrip Antenna Page 40 
 
 
 
Figure 3.2 Mathematical method used by HFSS 
 
Mathematically, HFSS solves for the electric field E using equation (1), subject to excitations 
and boundary conditions. 
 
                                                                         (1) 
 
 Where,  
 
 
 
 
HFSS calculates the magnetic field H using equation (2), 
 
                                                                                                               (2) 
 
    The remaining electromagnetic quantities are derived using the constitutive relations. The 
above clearly implies that HFSS “thinks” in terms of electric and magnetic fields and not the 
more common concepts of voltages and currents. As a result, it is very important that an HFSS 
simulation encompasses a volume within which electric and magnetic fields exist. These 
volumes generally include conducting materials as well as the dielectric materials, including air, 
that surround the conductors. 
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3.2 SOLUTION TYPES 
 
When using HFSS, a user must initially specify what type of solution HFSS needs to calculate. 
There are three types of solutions available: 
1. Driven Modal 
2. Driven Terminal 
3. Eigen mode 
The solution type can be selected by clicking on HFSS in the main menu bar, selecting Solution 
type, and selecting the desired type from the menu. 
 
General steps in an HFSS simulation 
There are six main steps to creating and solving a proper HFSS simulation. 
They are: 
1. Create model/geometry 
2. Assign boundaries 
3. Assign excitations 
4. Set up the solution 
5. Solve 
6. Post-process the results 
 
 
 
Figure 3.3 Six General Steps 
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     Every HFSS simulation will involve, to some degree, all six of the above steps. While it is not 
necessary to follow these steps in exact order, it is good modeling practice to follow them in a 
consistent model-to-model manner. 
 
     Step One: The initial task in creating an HFSS model consists of the creation of the physical 
model that a user wishes to analyze. This model creation can be done within HFSS using the 3D 
modeler. The 3D modeler is fully parametric and will allow a user to create a structure that is 
variable with regard to geometric dimensions and material properties. A parametric structure, 
therefore, is very useful when final dimensions are not known or design is to be “tuned.” 
Alternatively, a user can import 3D structures from mechanical drawing packages, such as 
SolidWorks®, Pro/E® or AutoCAD®. Geometry, once imported into HFSS, can be modified 
within the 3D modeling environment. This will then create geometry that can be parameterized. 
    Step Two: The assignment of “boundaries” generally is done next. Boundaries are applied to 
specifically created 2D (sheet) objects or specific surfaces of 3D objects. Boundaries have a 
direct impact on the solutions that HFSS provides; therefore, users are encouraged to closely 
review the section on Boundaries in this document. 
     Step Three: After the boundaries have been assigned, the excitations (or ports) should be 
applied. As with boundaries, the excitations have a direct impact on the quality of the results that 
HFSS will yield for a given model. Because of this, users are again encouraged to closely review 
the section on excitations in this document. While the proper creation and use of excitations is 
important to obtaining the most accurate HFSS results, there are several convenient rules of 
thumb that a user can follow. These rules are described in the excitations section. 
     Step Four: Once boundaries and excitations have been created, the next step is to create a 
solution setup. During this step, a user will select a solution frequency, the desired convergence 
criteria, the maximum number of adaptive steps to perform, a frequency band over which 
solutions are desired, and what particular solution and frequency sweep methodology to use. 
     Step Five: When the initial four steps have been completed by an HFSS user, the model is 
now ready to be analyzed. The time required for an analysis is highly dependent upon the model 
geometry, the solution frequency, and available computer resources. A solution can take from a 
few seconds, to the time needed to get a coffee, to an overnight run. It is often beneficial to use 
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the remote solve capability of HFSS to send a particular simulation run to another computer that 
is local to the user’s site. This will free up the user’s PC so it can be used to perform other work. 
     Step Six: Once the solution has finished, a user can post-process the results. Post processing 
of results can be as simple as examining the S-parameters of the device modeled or plotting the 
fields in and around the structure. Users can also examine the far fields created by an antenna. In 
essence, any field quantity or S, Y, Z parameter can be plotted in the post-processor. 
Additionally, if a parameterized model has been analyzed, families of curves can be created.  
 
 
 
Boundaries in HFSS and the need for them 
 
 
Within the context of HFSS, boundaries exist for two main purposes: 
1. To either create an open or a closed electromagnetic model or, 
2. To simplify the electromagnetic or geometric complexity of the electromagnetic model. 
 
Electromagnetically “Open” Structures 
 
 
Figure 3.4 Antenna Array 
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Figure 3.5 Printed Circuit Board 
 
 
Electromagnetically “Closed” Structures 
 
 
 
 
 
 
 
 
 
  
 
Figure 3.6 Waveguide 
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Figure 3.7 Cavity Resonator 
 
3.3 BOUNDARIES 
The available boundaries within HFSS 
There are twelve boundaries within HFSS. Boundaries are applied to specifically create 2D sheet 
objects, or surfaces of 3D objects. The twelve boundaries are: 
1. Perfect Electric Conductor (PEC): default HFSS boundary fully encloses the solution space 
and creates a closed model. 
2. Radiation: used to create an open model. 
3. Perfectly Matched layer (PML): used to create an open model and preferred for antenna 
simulations. 
4. Finite Conductivity: allows creation of single layer conductors 
5. Layered Impedance: allows creation of multilayer conductors and thin dielectrics 
6. Impedance: allows creation of ohm per square material layers 
7. Lumped RLC: allows creation of ideal lumped components 
8. Symmetry: used to enforce a symmetry boundary 
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9. Master: used in conjunction with Slave Boundary to model infinitely large repeating array 
structures 
10. Slave: used in conjunction with Master Boundary to model large infinitely repeating array          
structures. 
11. Screening Impedance: allows creation of large screens or grids 
12. Perfect H: allows creation of a symmetry plane 
 
Excitations in HFSS 
     There are seven types of excitations in HFSS: Wave Ports, Lumped Ports, Floquet Ports, 
Incident Fields, Current Sources, Voltage Sources and Magnetic Bias Source. All excitation 
types provide field information, but only the Wave port, Lumped Port, and Floquet port provide 
S parameters. The use of the Magnetic Bias Source allows a user model a magnetic bias acting 
on a ferrite material. 
     In HFSS, it is with the various excitations that a user can specify the sources of fields, 
voltages, charges or currents for a given simulation. The most commonly used excitation types, 
or ports, are the wave port and the lumped port. These ports provide field information as well as 
S,Y,Z parameters and, in the case of the wave port, a port wave impedance and gamma, the 
propagation constant. The wave impedance and gamma values are related to the transmission 
line structure that is represented by the wave port. 
     For models where a magnetic bias is present, such as a circulator, the magnetic bias source 
can be used in conjunction with wave or lumped ports to create a model. For simulations of large 
planar and periodic structures such as infinite antenna arrays, frequency selective surfaces or 
photonic band gap structures, the Floquet port can be used. If an ideal current or voltage source 
is desired, the current and voltage sources can be used. However, these sources will only provide 
field information and therefore are of limited use in an RF design environment. Only the wave 
port and the lumped port types will be discussed in detail in the following sections. Both the 
Wave Port and Lumped Port are available for use in both the Driven Modal Solution type and the 
Driven Terminal Solution Type. There is, however, a small difference in how the ports are set 
up. 
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Excitations– Wave Port  
     A Wave Port is the most commonly used type of excitation used in HFSS. This port type is 
very useful for exciting microstrip, strip line, coaxial, or waveguide transmission lines. It should 
be applied only to an outer face of the solution space. Shown below are examples of commonly 
used wave ports with proper size dimensions. 
 
 
 
 
 
Figure3.8 Wave Port applied to all faces that form the front of the model 
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Excitations – Lumped Ports 
     Lumped Ports are the other commonly used excitation type in HFSS. This port type is 
analogous to a current sheet source and can also be used to excite commonly used transmission 
lines. Lumped ports are also useful to excite voltage gaps or other instances where wave ports 
are not applicable. They should only be applied internally to the solution space. Shown below are 
examples of commonly used wave ports with proper size dimensions. 
 
 
 
 
 
Figure 3.9 Lumped Port applied between the signal trace and ground plane (textured fill) 
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The difference between lumped ports and wave ports 
Wave ports are applied at outer faces, yield S, Y, Z parameters, fields, wave impedance, gamma, 
and can be de-embedded. Lumped ports are applied internally, yield S, Y, Z parameters and 
fields. 
 
Both can be renormalized to specific real impedance. 
 
 
     The main differentiator between lumped ports and wave ports is the location of where they 
are applied to the model. Wave ports should, in general, only be applied at outer faces of the 
solution volume, whereas the lumped port should only be used internally to the solution volume. 
Another key difference is that wave ports are specifically suited to sourcing good transmission 
lines, while lumped ports are well suited to sourcing structures that are not good transmission 
lines such as BGA balls, bond wires, etc. Wave ports also yield more information than a lumped 
port. While both ports yield fields and S-parameters, wave ports also yield gamma, the 
attenuation and propagation constants, as well as the wave impedance of the transmission line 
that is enclosed within the wave port. This information can be useful when designing 
transmission lines. 
 
Solution frequency setting 
     The solution frequency is used by HFSS to determine the maximum initial tetrahedra size and 
is the frequency at which HFSS explicitly solves the given model. 
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Figure 3.10 Solution frequency setting 
 
     The solution frequency is the frequency at which HFSS explicitly solves a given simulation. It 
is also at this frequency that the adaptive solution operates, and it is the fields at this frequency 
that are used to determine whether a model has converged or not. The solution frequency should 
be set to the operating frequency of the device being simulated. If a frequency sweep result is 
desired in a simulation, the solution frequency should be set to a frequency that is 50 percent of 
the maximum frequency desired. 
     On a practical note, for most antenna simulations, the solution frequency should be set to the 
operating frequency of the antenna. For simulations of filters, the solution frequency should be 
set to the center of the band pass frequency. The solution frequency is also the frequency that 
should be used for any calculations the user performs when creating a model that depend on a 
frequency. Examples of these types of calculations are air region size for antenna problems, skin 
depth calculations, PML wizard input, etc. 
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CHAPTER 4:   
DESIGNING 
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4.1 SIMULATION SOFTWARE 
 
 
 
 
 
The three essential parameters for the design of a rectangular Microstrip Patch Antenna: 
• Frequency of operation (fo): The resonant frequency of the antenna must be selected 
appropriately. The Mobile Communication Systems uses the frequency range from 2100-5600 
MHz. Hence the antenna designed must be able to operate in this frequency range. The resonant 
frequency selected for my design is 2.4 GHz. 
• Dielectric constant of the substrate (εr): The dielectric material selected for our design is RT 
Duroid which has a dielectric constant of 2.45. A substrate with a high dielectric constant has 
been selected since it reduces the dimensions of the antenna. 
• Height of dielectric substrate (h): For the microstrip patch antenna to be used in cellular 
phones, it is essential that the antenna is not bulky. Hence, the height of the dielectric substrate is 
selected as 1.58 mm. 
Hence, the essential parameters for the design are: 
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• fo = 2.4 GHz 
• εr = 2.45 
• h = 1.58 mm 
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